There are various genetic types of natural gas in eastern China, which are mainly of biogenic gas, abiogenic alkane gas and abiogenic CO 2 . Large biogenic gas fields discovered at present are mainly distributed in Ying-Qiong basin (Ya13-1, Ledong22-1, Dongfang1-1), Pearl River Mouth basin (Panyu30-1),Eastern China Sea basin (Chunxiao gas field) and Taixi basin (Tiezhanshan gas field) in the continental shelf, and carbon isotope of ethane is heavier than -28‰, which shows that the gas is coal-derived. Large abiogenic alkane gas fields are distributed in the deep part of Songliao basin (Xingcheng gas field, etc), and the natural gas is characterized by heavy isotope (δ 13 C 1 >-30‰), negative carbon isotope series and R/Ra>0.5. CO 2 gas fields distribute widely from Songliao basin in the north to Ying-Qiong basin in the south, and total 35 CO 2 gas fields have been discovered in these areas with CO 2 content more than 60% and d 13 C CO2 heavier than -28‰.
INTRODUCTION
From the north to the south of China, three mountains (Daxinganling, Taihang and Xuefeng) divide China into middle-west and east parts. In the middle-west part, there are six oil and gas-bearing basins such as Tarim, Junggar, Turpan-Harmi, Qaidam, Ordos and Sichuan basins. The oil-gas resource is abundant in these basins. However, Sichuan basin is mainly gas-bearing. In eastern China, there are two onshore oilenriched basins such as Songliao and Bohai bay basins and five offshore basins such as Ying-Qiong, Pearl River Mouth, Taixi, East China Sea, and South Yellow Sea basins from south to north. Among them, East China Sea and Ying-Qiong basins are mainly gas-bearing (Fig. 1) . By the end of 2007, annual gas production had been 69.4×10 9 m 3 in China (Yang et al., 2008) . Figure 1 . The distribution of oil and gas-bearing basins in China (Modified after Li et al., 2002) .
By the end of 2006, the national cumulative proved gas reserves had been 5.45×10 12 m 3 (Li et al., 2008) . In the middle-west, the proved gas reserves are 4.5×10 12 m 3 , accounting for 82.6% of the total. In the eastern basins, it is up to 0.95×10 12 m 3 and accounts for 17.4% of the total. Although the amount is not very large, the type and origin of natural gases are very complicated. Both biogenic and abiogenic alkane gases (for example, the significant abiogenic alkane gas filed in the northern Songliao basin) have been found. Another remarkable characteristic of the natural gas in eastern China is that there is abundant CO 2 gas resource.
The distribution characteristics of biogenic alkane gas fields, abiogenic alkane gas fields and abiogenic CO 2 gas fields (pools) in eastern China will be introduced respectively in the following text.
The genetic types of the natural gas in China are mainly of coal-derived gas and oil associated gas. The resource of coal-derived gas is very abundant and coal-derived large gas fields are found in most basins of China. But the oil associated large gas fields are only distributed in the craton area of Tarim basin and in the south and east of Sichuan basin.
Distribution of the large gas fields in eastern China
There are 7 large gas fields in eastern China at present and they are Xushen gas field in the Songliao basin, Chunxiao gas field in the East China Sea basin, Tiezhanshan gas field in the Western Taiwan basin, Fanyu 30-1 gas field in the Pearl River Mouth basin and DF1-1, LD22-1, Ya13-1 gas fields in the Ying-Qiong basin. Except the Xushen gas field and Tiezhanshan gas field which are on shore, all the others are off shore.
The organic matter type of source rock and the origin of natural gas 2.2.1. The organic matter type of source rock
The relation between the rock-eval pyrolysis parameter (HI) and T max of source rock in Ying-Qiong basin is shown in Figure 3 . The Rock-Eval pyrolysis parameter (HI) is very low, less than 300mg/g. The organic matter type is type II 2 -III. This kind of source rock mainly generates gas. So the basins off shore are mainly gas-bearing. (Gong, 1997) .
The origin of natural gas
According to the classification diagram of gas (Dai, 1992) , the origin of natural gas off shore have been studied in China. The results show that these gases have δ 13 C 1 from -40‰ to -30‰ and C 1 /(C 2 +C 3 ) usually less than 100 (Fig. 4) indicating of condensateassociated gas and coal-derived gas origins. Figure 4 . The classification diagram of gas from Xihu sag and continental slope in northern South China Sea . Figure 5 . Distribution of large gas fields and Cenozoic thickness isoline in Ying-Qiong basin (Gong, 1997) . 2.3.1.2. Ya13-1 gas field Ya13-1 gas field is located in the NW-strike Y13-1 tectonic belt with about 80km in length and approximately 10km in width in Ying-Qiong basin. The proved gas reserves are about 97.851×10 9 m 3 , supplying gas to Hongkong. There are three sets of source rocks, such as Yacheng, Sanya and Yinghuang formations from the lower to the upper. Yacheng and Yinghuang formations are coalbearing strata and the organic matter is type III. The organic matter is type II for the Sanya Formation. The maturity of source rock (R o %) is from 0.97% to 1.29%.
Typical large gas fields
The structure of the Ya13-1 gas field is the inherited ancient structure of fracture belt on the uplift of basement. The structural closure and area of Miocene Sanya formation, Meishan formation and Oligocene Lingshui formation are characterized by the syngenetic structure of the big bottom, small upside and the thicken strata on the two wings. The ancient structure was derived in the Oligocene Epoch. The main gas reservoir situates in the Lingshui formation and the main source rock is coal-bearing strata of Yacheng formation. The peak gas-generation period of Yacheng formation was in Quaternary, and the Ya13-1 reservoir was filled by gas after the formation of Oligocene ancient structure in Quaternary (Hu, 2005) .
The relative content of methane is between 83.2% to 89.0%, and the content of C 2-5 is between 1.0% to 8.3%. It is wet gas and possibly origin from moderate maturity source rock. Another characteristic is the relatively high content of CO 2 ranging from 5.0% to 10.3% (Table 1) .
The carbon isotope of ethane is very heavy and it is typical coal-derived gas. The δ 13 C value of methane spread widely. It is possible that this gas field accumulated gas generated from coal in different stages (Table 1 ). Figure 6 . Models of gas accumulation in the Ya13-1gas field (Gong, 1997) . 2.3.1.3. DF1-1 gas field DF1-1 gas field is located in the west of Ying-Qiong basin and is close to the gas generating center. It is apparent that large gas fields are controlled by the gas generation kitchen. According to the DF1-1 gas composition and isotope value (Table 2) , the relative composition content of gas varies apparently. The C 1 content ranges from 16.8% to 79.6%, CO 2 ranges from 0.2% to 71.5%, and N 2 ranges from 4.7% to 31.2%. But C 2+ is very low and it shows typical dry gas. The δ 13 C 2 is very high and is typical coalderived gas. The δ 13 C 1 varies from -54.1‰ to -31.7‰. A part of gas may be from biogenic methane. Ya19-2 - According to reservoir fluid heterogeneity, gas maturity, fluid inclusion homogenization temperature, the filling period of hydrocarbon fluids into reservoirs can be divided into four stages ( Fig. 7 ) (Dong et al., 1999) : Stage I: The natural gas mainly originated from biogenic methane of Pliocene immature mudstone. The C 1 content is from 73.5% to 82.4%, C 2+ is very low ranging from 0.8% to 1.5%, and N 2 is from 4.7% to 31.2%. The dryness is very high. The δ 13 C 1 value is low and varies from -54.1‰ to -50.3‰, close to the thermogenic gas. It is obviously the biogenic gas mixed with thermogenic gas from the deep source rock.
Stage II: Mainly come from the low maturity natural gas originated from humic organic matter in the deep source rock. The natural gas migrated to the shallow strata along the mud diapir activity belt by the fault. The natural gas composition is mainly of methane. N 2 is very high, ranging from 15.3% to 35.2%, with little CO 2 . The δ 13 C 1 values vary from -40.5‰ to -38.0‰.
Stage III is the largest scale hydrocarbon filling period. Natural gas came from the high maturity source rocks. The natural gas composition is similar to that of Stage II. However, the δ 13 C 1 is relatively high and varies from -36.5‰ to -34.6‰ and shows the typical thermogenic gas characteristics. The corresponding Ro value ranges from 1.1% to 1.3%.
Stage IV: The natural gas discharged into reservoirs on large scale. Due to the continuous subsiding of the basin, and the temperature rising up to 250~300C, the abiogenic CO 2 might be generated from the thermal decomposition process. Its obvious characteristic is that the relative content of CO 2 is very high and varies from 50% to 80%. (Fig. 8) . According to the gas exploration result, Xihu sag is considered as the favorable area for gas fields. Figure 7 . The models of shallow gas accumulation in DF1-1 gas field (Dong et al., 1999) . Figure 8 . Distribution map of the tectonic and large gas fields in the East China Sea basin (Dai et al., 2003) .
There are 37 wells drilled in Xihu sag at present. Three condensate oil-gas fields and four condensate gas fields have been discovered. Chunxiao condensate oil-gas field is the only large gas field (Fig. 9 ). Figure 9 . The distribution of gas fields and favorable gas exploration play (Tao et al., 2005) .
Chunxiao gas field
The distribution of Chunxiao gas field is mainly controlled by the structure. The gas field covers 19.3 km 2 . Its proved gas reserves are 33.043×10 9 m 3 (Dai et al., 2003) . According to the composition of gas, the relative content of methane is high, more than 84.8%, the C 2+ content varies from 5% to 10%, and it is typical wet gas (Table 3) .
The carbon isotope of ethane is very heavy. The δ 13 C 2 value is over -28‰ (The classification value of coal-derived gas and oil-associated gas) and it is typical coalderived gas (Table 4) . 
ABIOGENIC ALKANE GAS FIELDS IN XUJIAWEIZI GRABEN IN THE SONGLIAO BASIN 3.1. Discrimination criteria of biogenic and abiogenic alkane gases
Based on the abundant analytical data of the carbon isotope distribution pattern and R/Ra values of abiogenic and conventional (coal-derived and oil-associated) alkane gases, three discrimination criteria were proposed (Dai et al., 2000 (Dai et al., , 2005 Sherwood et al. 2002; Cheng, 1989; Sheng et al., 1991; Zhang, 1991; Xu et al., 1993; Jenden et al., 1993; Fuex, 1977; Galimov, 2006 3.1.1. δ 13 C 1 >-30‰ Methane is the common alkane compound in abiogenic and biogenic gases, so δ 13 C 1 is the main parameter to discriminate the abiogenic and biogenic gases. Three δ 13 C values have been proposed for methane to characterize the abiogenic alkane gases, 1) δ 13 C 1 >-20‰ (Cheng, 1989; Sheng et al., 1991) , 2) δ 13 C 1 >-25‰, (Jenden et al., 1993 ) and 3) δ 13 C 1 generally greater than -30‰. Dai et al. (1988 Dai et al. ( , 1992 Dai et al. ( , 1995 proposed that δ 13 C of abiogenic methane is generally greater than -30‰. The δ 13 C values of methane in the gases from the Xingcheng gas field (-25.9‰ to -29.7‰) ( Table 5 ) are slightly lower than the threshold value (δ 13 C 1 >-25‰) for abiogenic gases proposed by Jenden et al. (1993) . Most researchers agree that the δ 13 C values for methane of abiogenic origin are greater than -30 ‰ (Abrajano et al., 1988; Dai et al., 2000 Dai et al., , 2005 Galimov et al., 1967; Hulston et al., 1962; Jeffrey et al., 1988; Konnerup-Madsen, 2001; Poreda et al., 1992; Sherwood et al., 1993; Sherwood et al., 1988; Sherwood et al., 2002; Welhan, 1988; Welhan et al., 1983; Zorikin et al., 1984) . The δ 13 C 1 values in Xingcheng, Shengping and Changde gas fields range from -17.4%-29.7‰ (Tables 5, 6, 7). All of them are characterized to be abiogenic gas. 
Reversal carbon isotopic trend (δ

) as a characteristic of abiogenic alkane gas
It is not difficult to discriminate the abiogenic and thermogenic (biogenic) gases when they are pristine alkane gases. Alkane gases produced by the thermal decomposition of high-molecular-mass organic matter have been demonstrated to have a characteristic carbon isotope distribution pattern whereby the C 1 -C 4 individual alkane becomes more enriched in 13 C with increasing carbon numbers (δ 13 C 1 <δ 13 C 2 <δ 13 C 3 <δ 13 C 4 ). This is due to the kinetic isotope effect, i.e., the production of hydrocarbons by thermal cracking of a higher molecular weight organic precursor preferentially at weaker 12 C-12 C bond rather than the 12 C-13 C bond. There are plenty of such alkane gases in the oiland gas-bearing basins in China. In contrast, abiogenic alkane gases have been shown to have reversal carbon isotope distribution pattern whereby the C 1 -C 4 alkanes become more depleted in 13 C with increasing carbon numbers (δ 13 C 1 >δ 13 C 2 >δ 13 C 3 >δ 13 C 4 ). Such a progressive depletion pattern in C 2 -C 4 alkanes relative to C 1 has been reported in some natural samples and indicates an obvious abiogenic origin, for example, gas samples from fluid inclusions related to the Khibiny massif on the Kola peninsula, Russia (Galimov, 1973; Zorikin, 1984) , and alkanes in Murchison meteorite (Yuen et al., 1984) . This is also due to the kinetic isotope effect in that the 12 CH 4 reacts faster than 13 CH 4 to form chains during the synthesis of higher-molecular-mass homologues resulting in the preferential incorporation of 12 C into larger hydrocarbon chains. All these indicate that carbon isotopic reversal trend provides an evidence for abiogenic origin.
As shown in Fig. 10 and Tables 4, 5 , 6, δ
13
C values of alkane gases from the Xingcheng and adjacent Shengping and Changde gas fields are characterized by an isotopic reversal, i.e., δ 13 C 1 >δ 13 C 2 >δ 13 C 3 >δ 13 C 4 . Such a progressive depletion pattern in C 2 -C 4 alkanes relative to C 1 has been reported earlier and has been suggested to be indicative of abiogenic gases. These include gas samples from fluid inclusions related to the Khibiny massif on the Kola Peninsula, Russia (Galimov et al., 1967; Zorikin et al., 1984) , gas samples from the mud volcano, Yellowstone Park, USA (Des Marais et al., 1981) , and gas samples from the East China Sea and the Songliao Basin, China (Guo et al., 1997; Yang et al., 2000a) . As the δ 13 C values of C 1 -C 4 alkanes in Murchison meteorite and laboratory experiment show similar trends (Des Marais et al., 1981; Lancet et al., 1970; Yuen et al., 1984) , this suggestion appears to be plausible. Although a stable carbon isotopic reversal was also used to suggest an abiogenic origin for the gas samples from the Canadian shield (Sherwood Lollar et al., 2002) , the pattern observed there are generally partially reversal, i.e. δ 13 C 1 >δ 13 C 2, δ 13 C 1 >δ 13 C 2 >δ 13 C 3 >δ 13 C 4, δ 13 C 4 >δ 13 C 2 . Possible mechanisms have been proposed to account for such partial reversals, involving the mixing of abiogenic and thermogenic gases, or the mixing of thermogenic gases with different source organic types or maturity levels, or microbial oxidation (Dai et al., 2004b; Sun et al., 2009) . As the selective oxidization of alkane compositions by bacteria can lead to higher isotopic depletion for higher molecular-weight alkanes, a comparison of the δ 13 C values between two alkanes (e.g., C 1 and C 2 ) may not always be reliable for genetic distinction. Thus, the data for a large range of alkanes are desired (C 1 -C 4 ).
Gases with distinct carbon isotopic reversal trend ( Fig. 10 ) in the Xujiaweizi Graben are mainly distributed in the deep buried Yingcheng (K 1 yc) and Denglouku (K 1 d) formations. Interestingly, two groups of thermogenic alkane gases with normal stable carbon isotopic trend are also observed in the Xujiaweizi Graben (Fig. 10) . The first group is associated gases in under-saturated oil pools with shallow burial depth, with relatively low δ 13 C values for methane (-52.1‰ to -31.2‰) and ethane (-37.3‰ to -29.2 ‰). Whereas, the other group is closely associated with the coal beds in the deep strata, with δ 13 C values of methane and ethane around -32.2‰ to -26.1 ‰ and -26.6‰ to -23.3 ‰, respectively. All this shows that alkane gases in Xingcheng, Shengping and Changde gas fields are abiogenic gas. Figure 10 . The δ 13 C value comparision of biogenic and abiogenic alkane gas(C 1~C4 ).
R/Ra>0
.5~δ 13 C 1 -δ 13 C 2 >0 as an indicator for abiogenic alkane gas In the past several decades, a series of studies have been carried out to explore the origins of associated alkane gases with R/Ra values. For example, Jenden et al. (1993) proposed R/Ra>0.1 as an indicator of the presence of mantle-derived helium. Dai et al. (2005) discussed the combined relationship between CH 4 / 3 He and δ 13 C 1 with R/Ra values greater than 0.32 and explored the origin of alkane gases.
Recently we have systematically studied the relationship between R/Ra values and δ 13 C 1 <δ 13 C 2 <δ 13 C 3 <δ 13 C 4 or δ 13 C 1 >δ 13 C 2 >δ 13 C 3 >δ 13 C 4 for gases from oil-and gasbearing rift basins in eastern China (Bohai Bay basin, Songliao basin, North Jiangsu basin, Ying-Qiong basin, Pearl Mounth basin and East Sea basin). As shown in Figure  11 , alkane gases with R/Ra>0.5 and δ 13 C 1 -δ 13 C 2 >0 are of abiogenic origin, and alkane gases with R/Ra>0.5 (even up to 8.8, Wenzhou 13-1-1) and δ 13 C 1 -δ 13 C 2 <0 are of biogenic (thermogenic and micro-bial) origin. Hence it is difficult to determine the origin of alkane gases with R/Ra values alone, and only the combination of R/Ra and δ 13 C 1 -δ 13 C 2 can determine the origins correctly. A plot of the R/Ra versus δ 13 C 1 -δ 13 C 2 values (Fig. 11) clearly separates those abiogenic gases with those of dominantly thermogenic origin. Thermogenic gases in these basins could have originated from the mixing of alkane gases generated from the sedimentary organic matter in shallow strata with mantle-derived helium along the deep seated basement faults. Jenden et al. (1993) proposed that gas with δ Table 5 . Major composition and δ
13
C value of gas in the Xingcheng gas field.
Natural gas accumulation in eastern China
Natural gas composition(%) Table 6 . Major composition and δ
13
C value of gases in Shengping gas field.
Natural gas composition(%) Table 7 . Major composition and δ
C value of gases in the Changde gas field.
Geological setting in Xujiaweizi Graben
The Songliao Basin is the largest sedimentary basin consisting mainly of Mesozoic and Cenozoic clastic sediments in the northeastern China. Xujiaweizi Graben is the largest one in the north of the basin and is controlled by Xuxi, Xuzhong and Xudong faults (Fig. 12) . The fault depression with N-S trending covers 4300 km 2 with 95 km in length from the north to the south and 60 km in width. Qingshen, Changde and Shengping gas fields have been discovered to date. The Xingcheng gas field is the largest among the three gas fields discovered (Fig. 12) . Qingshen gas field locates in the south of Shengping-Xingcheng faults belt in Xujiaweizi depression and consists of some gas fields including Xingcheng. According to the previous studies (Feng et al., 2006) , biogenic and abiogenic alkane gas fields have been discovered in the Xujiaweizi Graben. Xingcheng gas field is famous for the first significant abiogenic alkane gas accumulations. The basin's basement is composed of pre-Paleozoic and Paleozoic metamorphic rocks and volcanic rocks derived during the Hercynian orogeny , which is characterized by the phyllite, schist, granite and gneiss (Wang et al., 1993) . To the north zone, the isotopic ages of Zircon U-Pb data for the basement are 360-165 Ma (Wu et al, 2000) , so the basement is Hercynian fold and there is no Precambrian crystalline basement. The covering sedments consists of deep fault depression and upper depression (Fig.  13) . The oil resource is abundant in the upper depression with famous Daqing oil field and the gas resource is abundant in the volcanic rock reservoir of the deep fault depression with Qingshen gas field. Figure 13 . Dual-structure of the Songliao Basin and oil-gas distribution. Figure 14 shows the distribution of the source rock -reservoir-cap rock system in the north of Songliao basin. The organic matter type of source rock in Upper Cretaceous is sapropelic. The oil in Daqing oil field sources from this set of source rock. The gases in the Lower reservoirs have been considered to source from coal bearing source rock with organic matter of type III (Feng et al. 2006) . Now a lot of natural gas isotopic geochemical data are obtained and analysed, some gases from Xingcheng gas field, Changde gas field and Shengping gas field are abiogenic alkane gas.
Geochemical characteristics of abiogenic alkane gases 3.3.1. Xingcheng gas field
The Xingcheng gas field is located 64.8 km southeast of the Daqing, the largest oil field in China (Fig. 12) . This field consists of two main reservoirs, i.e. the first and the fourth members of the Lower Cretaceous Yingcheng Formation (K 1 yc 1 and K 1 yc 4 , respectively) (Fig. 15) . Reservoirs in the K 1 yc 1 unit are dominantly volcanic rocks distributed along the NNW-SSE trending Xuzhong fault, with a proved recoverable gas reserve of 17.1×10 9 m 3 m 3 over an area of 34.9 km 2 . In contrast, gas reservoirs in the K 1 yc 4 unit are mostly conglomerate, with a proved gas reserve of 3.5×10 9 m 3 m 3 over an area of 27.7 km 2 . In the Xujiaweizi Graben, volcanic rocks are widespread in the Lower Cretaceous Yingcheng (K 1 yc) and Upper Jurassic Huoshiling (J 3 hs l ) formations, along the Xuxi, Xuzhong and Xudong faults. In the Yingcheng Formation alone, the cumulative volcanic rock thickness is over 2000 m. The content of methane among the major gas composition in the Yingcheng reservoir is very high in general and ranges from 91.0%~95.9%. The total content of ethane and C 2+ hydrocarbons is less and ranges from 2.5%~3.8%. According to the data of major gas composition, the dryness of gas in the Xingcheng gas field is very high. The δ 13 C values for methane are -25.9‰~-29.7‰ and for ethane are -29.3‰~-33.9‰. Gases show distinct carbon isotopic reversal trend (δ 13 C 1 >δ 13 C 2 >δ 13 C 3 >δ 13 C 4 ) ( Table 5 ). The 3 He/ 4 He values in the Xingcheng gas field are greater than 1.15×10 -6 and R/Ra values are more than 0.8 (Table 5) , indicating the addition of mantle 3 He.
Shengping gas field
The Shengping gas field locates in the Shengping-Xingcheng fault belt, north of Xujiaweizi Graben. The Shengping-Xingcheng fault belt is an inherited anticline broken by faults and trends NW controlled by NW fault. By the end of 2005, the proved gas reserves in Shengping gas field were about 12.8×10 9 m 3 covering 18.48 km 2 . According to the data of drilling wells, the basement of Carboniferous and Permian, the Upper Jurassic Huoshiling, Lower Cretaceous Shahezi (K 1 sh), Yingcheng (K 1 yc), Denglouku (K 1 d) and Quantou (K 1 q), Upper Cretaceous Qingshankou, Yaojia, Sifangtai and Mingshui formations, and the Cenozoic Yi'an, Da'an and Taikang formations develop in Shengping gas field. The main reservoir is Yingcheng Formation. During the period of Yingcheng Formation deposition, the depression was controlled by faults and the deposition range was larger than that in the period of Shahezi Formation deposition. During this period, the deep faults through the basement developed actively and volcanic rock distribute widely (Fig. 16) . Figure 16 . The cross section of the Shengping gas fields. Table 6 shows that the content of methane in Yingcheng and Denglouku reservoirs ranges from 92.0% to 94.6%. The contents of CO 2 and N 2 are 0.2% to 2.6% and 2.9% to 3.6% respectively. Gases show distinct carbon isotopic reversal trend similar to that of Xingcheng gas field. The R/Ra values are high and up to 1.74~1.77.
Changde gas field
Changde gas field locates in the Daqingshan anticline (Fig. 17) . Gases are distributed mainly in the sandstone of Denglouku Formation (K 1 d).
The content of methane of gas in the Changde gas field ranges from 92.1% to 95.1% and the total content of ethane and C 2+ is less and ranges from 0.8% to 1.8%. The reversal carbon isotopic trend from methane to butane in Changde gas field (Table 7) is similar to that of gases in the Xingcheng gas field (Table 5 ) and Shengping gas field (Table 6 ).
CO 2 GAS FIELDS (RESERVOIR) DISTRIBUTION IN EASTERN CHINA 4.1. Discrimination of abiogenic and biogenic CO 2
In general, the origin of CO 2 is abiogenic and biogenic, and the origin classification of CO 2 is mainly based on the content and carbon isotope.
Discrimination by the CO 2 content
Based on the abundant analyses, Dai et al. (1995) concluded that the CO 2 is of abiogenic origin when its content accounts for more then 60%; when its content ranges from 15% to 60%, it is mainly of abiogenic origin and some are a mixture of abiogenic and biogenic gases; when its content is less than 15%, it can be either abiogenic, biogenic or a mixture of both. 
Discrimination by carbon isotope of CO 2
Carbon isotope of CO 2 (δ 13 C CO2 ) is an efficient way to discriminate CO 2 from abiogenic and biogenic, and some studies have been done. Dai et al. (1995) figured out the δ 13 C CO2 values of CO 2 in China range from +7‰ to -39‰.The δ 13 C CO2 value of biogenic CO 2 is from -10‰ to -39.14‰, and most of them are from -12‰ to -17‰. But the δ 13 C CO2 value of abiogenic CO 2 is from +7‰ to -8‰, and most of them are from -3‰ to -8‰ (Fig. 18) . Geochemical data of abiogenic CO 2 in China are listed in Table 8 and Table  9 , the δ 13 C CO2 value of all abiogenic CO 2 are fallen in the range of -3‰ to -8‰.
Discrimination by CO 2 content and δ
13 C CO2 Figure 19 presents a diagram for the identification of carbon dioxide origins. Based on the analyses of CO 2 content and δ 13 C CO2 values of 212 gas samples of various origins from China, as well as 100 samples from Australia, Thailand, New Zealand, the Philippines, Canada, Japan, and Russia, it is apparent that CO 2 with content less than 15% and δ 13 C CO2 <-10‰ is of biogenic origin. When the δ 13 C CO2 value is over or equals to -8‰, the CO 2 is of abiogenic origin, and when CO 2 content is greater than 60%, it is also of abiogenic origin. During ten years after this diagram was proposed, plenty of biogenic and abiogenic CO 2 have been found in China, and the data of all these gases are well fitted with this diagram. Table 8 . Geochemical data of abiogenic CO 2 gas fields (reservoir) in eastern China (onshore). Table 9 . Geochemical data of abiogenic CO 2 gas fields in eastern China (offshore).
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Distribution of abiogenic CO 2 gas fields (reservoirs) in eastern China
At present, 35 CO 2 gas fields (reservoirs) have been found in eastern China (Fig. 20) . The CO 2 contents of all these gas fields are over 60%, and most of them are more than 90%. CO 2 gas fields (reservoirs) distribute in fault depressions in eastern China, for example, the Songliao basin, Bohai Bay basin, North Jiangsu basin, Sanshui basin onshore and East Sea basin, Pearl River basin and Ying-Qiong basin offshore. From regional tectonic setting, these CO 2 fields mainly distribute in the fault belt of eastern China surrounding the Pacific Ocean, and all these CO 2 are abiogenic. Figure 20 . Abiogenic alkane gasfields distribution in eastern China.
The distribution of abiogenic CO 2 gas fields agrees well with the basalt action belt of Tertiary and Quaternary. The volcanic activities are related to the reaction of NWW-NW faults by the approximately E-W direction compression and each volcanic belt is active with almost consistent time scheme (Geology Research Institute, China Earthquake Administration, 1987) . The volcanic active belts become the profitable area for abiogenic alkane gas discharge and accumulation (mainly located in favorable districts of the basins). Form north to south in China, there are 9 basaltic belts of NNW Late Noegene and Quaternary (Geology Research Institute, China Earthquake Administration, 1987) , and related to CO 2 fields (reservoirs) distribution closely. For example, Wanjinta and Nong'ancun CO 2 reservoirs are distributed in the second basalt belt in the north of Songliao basin. CO 2 gas field in North Jiangsu basin is located in the fifth basalt belt, and in the south, Baodao CO 2 reservoirs have been discovered in the basalt belt. Figure 21 . Relationship between abiogenic CO 2 gas occurrence and NeogeneQuaternary basalts (Basalts distribution after Geology Research Institute, China Earthquake Administration, 1987).
Geochemical characteristics of natural gases from typical CO 2 fields
There are 35 CO 2 gas fields (reservoirs) in Eastern China. The gas geochemical characteristics of CO 2 fields (reservoirs) in Songliao Basin (located in the north of China) and Ying-Qiong Basin (located in the south of China) will be introduced in detail.
Abiogenic CO 2 fields (reservoirs) in Songliao Basin
Eight gas reservoirs related to abiogenic origin have been found in Songliao basin. Xingcheng, Shengping, and Changde are abiogenic alkane gas reservoirs, and the others are abiogenic CO 2 fields (reservoirs). Nong'ancun, Wanjinta and Changling CO 2 reservoirs will be introduced.
(1) Nong'ancun CO 2 reservoir Nong'ancun CO 2 reservoir is geographically located in the Nong'ancun village, Zhaozhou county of Heilongjiang province. Structurally, it is located in Xujiaweizi Graben of the Songliao basin. This CO 2 reservoir is of abiogenic origin. The content of CO 2 is in the range of 84.20% and 90.38% and the δ 13 C CO2 values are from -4.1‰ to -5.5‰ which is in the range of -6‰±2‰ of volcanic-mantle δ 13 C CO2 value. And alkane gases with distinct carbon isotopic reversal trend indicate the abiogenic origin. 3 He/ 4 He is high, 4.5×10 -6 (Table 10) (Fig. 22) . (2) Wanjinta CO 2 reservoir Wanjinta CO 2 reservoir is located in Nong'an county, Jilin province. Structurally, it is located in the north of Nong'an-Wanjinta anticline, the western edge of Dehui depression of Songliao Basin (Fig. 23) (Table 11) . Characterized by these geochemical data and compared with other coal-derived and oil associated gas in Songliao basin and the typical abiogenic alkane gas and combined with the geological settings, we can confirm that the CO 2 in Wanjinta CO 2 reservoir came from the mantle volcano through the large faults and is of abiogenic origin. Table 11 . Geochemical data of Wanjinta CO 2 reservoir.
(3) Changling CO 2 reservoir The Changling CO 2 reservoir was discovered in 2006 with relatively large reserves. Fig. 24 shows its cross section of gas reservoir. The CO 2 content is high and ranges from 16.5% to 98.7%. In some gas wells (Changshen2, Changshen4 and Changshen6), the contents of CO 2 are over 90% (Table 12) . The δ
13
C CO2 values in the Changling CO 2 reservoir are in the range of -7.5‰ and -5.3‰ which is greater than -8‰. All these data show that it is of abiogenic origin. The ratio of R/Ra is from 1.9 to 4.6 and shows that it sources from the mantle. The origin of alkane gases is complex and the carbon isotope of alkane gas in the deep strata (Yingcheng formation) characterized by heavy carbon isotopes shows that it is from abiogenic alkane gas (Table 12 ). 
Abiogenic CO 2 fields (reservoirs) in the Ying-Qiong Basin
The Yiong-Qiong Basin is located in the west and south to Hainan Island, China. It is a rift basin developed from Cenozoic. At present, 6 CO 2 fields (reservoirs) have been discovered in the basin (LD 15-1, LD 21-1, LD 8-1 and DF 1-1 in the west, BD19-2 and BD15-3 in the east) (Fig. 25) . The gas composition of CO 2 fields (reservoirs) is dominated by CO 2 and the relative content ranges from 64.7% to 97.6% with lower methane content of 0~18.7%. The carbon isotope of CO 2 is relatively heavy and is more than -8‰, -7.9‰ ~ -0.6‰ indicating of abiogenic origin. For DF and LD CO 2 fields (reservoirs), R/Ra is from 0.07~ 0.31 in the west and characterized by crustal helium (Table 13) . He (1994 He ( , 1995 He ( , 2001 concluded that there are volcanic activities in the basement of Ying-Qiong Basin when the oceanic bottom was expanding in the South China Sea. The abiogenic CO 2 can be derived by the decomposition of Tertiary carbonates when they were deeply buried and also superpositioned with the volcanoes. Another idea is that it can be derived by thermal decomposition of high calcium mudstone in high thermal temperature. The ratio of R/Ra in Baodao reservoir is over 4.0 in the east, indicating addition of mantle helium (Fig. 26) . Figure 26 . Structural cross section of the BD15-3 CO 2 reservoir.
CONCLUSIONS
Three genetic type gases distribute in the eastern China, which are mainly biogenic alkane gas, abioge alkane gas and abiogenic CO 2 .There are seven large alkane gas fields discovered in the eastern China and six of them are biogenic alkane gas fields. Alkane gas fields distribute in the offshore basins and the genetic type of gas is coalderived gas and originated from humic source rock in Tertiary. Abiogenic alkane gas field distribute in the deep part of northern Songliao basin and commercial abiogenic alkane gas fields (such as Xingcheng, Shengping and Changde gas fields) have been discovered in the Xujiaweizi depression of northern Songliao basin). The gases in these fields show the typical geochemical characteristics of abiogenic alkane gas and distribute along the deep faults. The resource of CO 2 is abundant in the eastern China and thirty-five abiogenic CO 2 fields have been discovered. The distribution of the CO 2 fields is related to the basalt magmatic activity.
